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It is shown that the gauge field in Poincare-gauge theory of gravity consists in two parts: the translational 
gauge field ( t -field), which is generated by the energy-momentum current of external fields, and the 
rotational gauge field ( r -field) , which is generated by the sum of the angular and spin momentum currents 
of external fields. In connection with this the physical field generating by rotating masses should exist. 

1. Introduction 

The problem of a great interest consists in a possible existing of still unknown physical field that can be 
generated by rotating masses as a source. In particular, such possibility follows from the Theorem on the 
sources of the gauge fields [1-4], which states that the gauge field is generated by the Noether invariant 
corresponding to the Lie group that introduces this gauge field by the localization procedure. In this 
sense the gauge field in Poincare-gauge theory of gravity (PGTG) should be generated not only by the 
energy-momentum tensor, but also by the sum of angular and spin momentum currents as the source. 
Here we shall discuss the following problems: 

• What are the true gauge potentials in PGTG? 

• What are the source currents of the field equations in PGTG? 

• What fields can be generated by rotating masses in PGTG? 

The corresponding field equations of PGTG were derived in [3,4] as the consequence of the general gauge 
field theory for the groups connecting with space-time transformations. We have shown [5] that under the 
localization procedure the Lorenz subgroup of the Poincare group introduces the rotational gauge field A™ 
( r -field), which is generated by the sum of the angular and spin momentum currents of external fields. 
The subgroup of translations introduces the translational gauge field A'^ ( t -field), which is generated 
by the energy- momentum current of external fields. These field equations are equivalent to the equations 
of PGGT in usual form, derived by the variation of the Lagrangian with respect to the tetrads /i"^; and 
connections A"^^ ~ A™ /i^^ , the tetrads and also curvature and torsion being constructed with the help 
of both the t - and r -fields. 



2. Noether theorem and the principle of local invariance 

We start with the flat Minkowski space M4 with the Cartesian coordinates x"" ( a = 1, 2, 3, 4 ) and 
the metric gab = giea , et) — diag (1, 1, 1, —1) with the basis Ca — da — d/dx°- . The fundamental group 
of M4 is Poincare group P4 (inhomogeneous Lorentz group). 
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= {Mm, Mk], Mm = -Im%X^^, Mfc = Pfc 



_ _ d 

Here we have introduced the abbreviations for the rotations and translations, 

— l^nn ^fcji — ^mb^ , — "ft • 

Let us introduce the curvihnear system of coordinate x^{x'^) on M4 : 

dx'' = h\dxi^ , h\ = e^(a;«), = = d/dxi^ , ds^ = Qf,^ dx^" dx" , 

9nv = 9abh\h\, g = det {g^^) = det {gab) h"^ , h = det(/i°^) = ^/\f\ . 

Action integral is invariant under the Poincare group P4 , 

J = [ {dx)^\L{Q^,PkQ^), Pk = -Kd^, C = ^\L = hL. 
The first Noether theorem in a curvihnear system of coordinate yields the following, 



= / (dx) 



SC 



dC 



dPkQ^ 



Here 6 denotes the variation of the form of the field. For example, for the field we have. 



The field equation of the field Q"^ is fulfilled 



= 



5L 



dC 



dC 



dPkQ^J ' 



5Q^ dQA 

The result of Noether theorem can be represented as follows, 

= / {dx)hh%di,{aH\ + w'"M'=„) , 
in 

where the following expressions for the energy-momentum t\ and the full momentum (angular mo- 

mcntiim plus spin momentum j'Vn ) tensors arc introduced. 



t I 



L6f 



OL ^ "A n /fk rk r I bj.k jk OL /^A 



Noether Theorem yields the conservation laws for the energy-momentum and full momentum, 

Pkt\ =0, PkM'^m = 0. 

Now we shall localize the Poincare group P4 , the parameters of which become arbitrary functions of 
coordinates on M4 . The theory is based on four Postulates. 
Postulate 1 (The principle of local invariance). The action integral 



J = [ {dx)C{Q^, PkQ^; A^, PkA^)., 
Jq 



(2.1) 



where the Lagrangian density C describes the field , interaction of this field with the additi-onal gauge 
field and also the free gauge field A^ , is invariant under the action of the localized group P4(a;) , the 
gauge field being transformed as follows. 



6A^ = U^^uj^ + S^J^d, 



(2.2) 



2 



where U and S are unknown matrices. 
Postulate 2 (The principle of stationary action): 



6C 



= 0. 



(2.3) 



Postulate 3 (An independent existence of a free gauge field). The full Lagrangian density C of the physical 
system has the following structure, 



C = Co + Cq, Co = Co{A^, PkA^), 



dCo 



= 0. 



dPkQ' 



= 0. 



Postulate 4 (The principle of minimality of gauge interaction): 

dCo 



dPkAR 



0. 



(2.4) 



(2.5) 



The second Noether theorem for the Lagrangian density (|2.ip and the group P4(x) yields the following, 



= /^(dx) 



SAR °^o. 



■ k hP.. dC xnA I tn, dC X aR 



(2.6) 



Here in (5x*'', 5Q^, we have arbitrary functions (x) , d^uj^{x), dfj_dvbj^{x) , coefficients before them 
being equal to zero. 



-- 0, 



(2.7) 



where the following notations are introduced. 



dC 



dPkC 



XiPkA^) 



ac 

OPkA^ ' 



If the equations p.3p for the gauge field are valid, then the equations (|2.7p are simplified. 



(2.8) 



(2.9) 



3. Structure of the Lagrangian densities Cq and Cq 



We introduce the differential operator Mji , 

Mr = {M„, Mfc}, M„ = + /„, Mfe = Pk. (3.1) 

and represent the gauge field in two components, A^ — {A™, A'^} , where A'^ describes the translational 
part of the gauge field ( t -field) , and A™ describes the rotational part of the gauge field ( r -field) . 
Theorem 1 (B.N. Frolov, 1999, 2003). The gauge field A^ exists with transformational structure of 
Postulate 1 under the localized Poincare group P4(a;) , and such the matrix functions Z , U and S of the 
gauge field exist that the Lagrangian density, 

Cq = HLgiQ^, DaQ"^), h= Zh, (3.2) 
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satisfies to Postulate 1, Cq being constructed from Lq{Q^, PaQ^) by excfianging the operator with 
the operator of the gauge derivative, 

Da = -A^Mr. (3.3) 
Also the following representation for the gauge t -field is valid, 

= Dax'^. (3.4) 

The proof of this Theorem has been performed in [3,4] and consists in proving three Prepositions. 
Preposition 1.1. With the help of p.ip the gauge derivative (|3.3p can be represented as follows. 



(3.5) 



where new quantities are introduced, 

= A^a + A^Xt = A^X%, h^^a = h^kY,^ , 

ua i-,k ya l^a A'>n ua Am 

It is easy to verify with the help of p.5|) and (|3.6|) that formula ()3.4|) is valid. 

Preposition 1.2. We represent the Noether identities (|2.7p as the system of differential equations for 
the unknown function Cq , the Principle of the minimal gauge interaction (Postulate 4) being taken into 
account. The solvability conditions of the second system of these equations are satisfied if the unknown 
matrix functions Z and S have the form, 

'-'ma — "m"' a , ka ~ " i '^ma — " i '-'ka ~ "fe a i /o 

Z = det(Z°), h = Zh = det(Z°)det(/i°^) = det (/i"^) . 

Preposition J. 5. After substituting the results of Prepositions 1.1 and 1.2 into the first system of the 
equations (|2.7[) we shall see that this system of equations is satisfied identically by the Lagrangian density 
p.2p provided that the unknown matrix function U has the form, 

^ma — Crri^qA^ — Ima A^ , UJ^^ — 0, J7ma — Im'l A^ — Ima Af , 1/1^ = —A" Ink- (3.8) 



Corollary . After substituting ()3.8p and the first line of (|3.7p into (|2.2p . we get the transformational laws 
of the gauge fields A^ = {A™, A^} , 

= L^"(a;)c„%^9 - c^"(a;)/AA'» + /i^a^c^™(x) = Daio"^{x) - u;" (2^) ^'a . 
= Lu'^{x){lJiAl - IrrLA^) - A'^Uji a' h^^ + Kd^ai^ix) 
=. Daa'^ix) - Lo"'{x){lJiAi ~ UaAf), (3.9) 

Sht'a = -w"(x)/„%/l^b + h-'adjx^, 6h\ = Oj''^{x)Ira%h\ - h%d^5x\ 

One of the main results of this corollary is that the tetrads h^a and h°'^ are not the true gauge potentials 
in contrast to the usually accepted opinion. 

The structure of the gauge field Lagrangian density is established by the following theorem. 
Theorem 2 (B.N. Frolov, 1999, 2003). The Lagrangian density 

£0 = hLo{F"\b, T^ab), (3.10) 
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where 

satisfies to the Principle of the local invariance (Postulate 1). 
4. Field equations of the gauge fields 

The gauge field equations are the following, 

SCq _ dCq SCq _ dZq 

Mfe " dAl ' " dA-^ ■ 

The right sides of these field equations can be represented in the form, 



(3.11) 



(4.1) 



(4.2) 



The consequence of (|4.ip and (|4.2p is the theorem. 
Theorem 3 (B.N. Frolov, 1963, 2003) [The theorem on the source of the gauge field). The source of 
the gauge field, introducing by the localized group T{x) , is the Noether current, corresponding to the 
non-localized group F . 

5. Geometrical interpretation 

In the geometrical interpretation of the theory the quantities h°'^ and v4™^ becomes tetrad fields and a 
Lorenz connection, and the quantities, 

pm of) 4"^ n ''^ A"^ A1 

TV = T^abh\hK = 2d^f,h%^ + 2I^'ah\A\}, 

become curvature and torsion tensors respectively. 

The following theorem is valid. 
Theorem 4 (B.N. Frolov, 1999, 2003). The system of the gauge field equations (|4.ip derived by the 
variation with respect to the gauge fields {A^ , A^} is equivalent to the system of the field equations 
derived by the variation with respect to the fields , A"^^} , 



Sh% Shy ' SA"^ SA'\ 



(5.2) 



The first of the gauge field equation (j5.2p can be represented in the form, 

"dT",,,, ~ 2'^\''{0)a ^ {Q)aJ ' (Q)a ^ a 'dD^^ ^ aW i 

lj-M _ Ufi _ 9 pm dCp _ OT^ c'-Co i 9 4™ T c dCp 

(0)a a av Q-p-m^^ av QT'^^^ u^ma QT^^^ ' 

and the second one can be represented in the form, 

"•"dF'"^^ — 2'''\'^(0)m "1" ■^{Q)m) ' ""^ {Q)m ~ " dD^Q-^ B ^ 
h Jt^ — dCa _ r, dCo 71 Aq I o dCp t c ua 



(5.3) 



(5.4) 
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The field equations (|5.3p and (|5.4p yield the conservational laws for the canonical energy-momentum 
tensor f^qy of the external field added by the energy-momentum tensor t'^^-^^ of the free gauge field, and 
for the spin current -^(q)™ of the external field added by the spin current J(^)„j of the free gauge field, 



= 0. 



The field equations (|5.3p and (|5.4p can be also represented in a geometrical form, 

^dT%^ ^ ^ ^•^ dF^^^ ^ "-^ dT'=^^ 2-^0 ~ 2 "'''(Q)a ' /r r^ 

7-) dCp — _].h Jf^ 4- Q-^o T b ua \ ■ J 

If we have £o = ^^^{F'^) instead of p.lOp . then the first field equation (|5.5p is simplified and generalizes 
the Hilbert-Einstein equation to arbitrary nonlinear Lagrangians, 



7. Conclusions 



The main result of the Theorem on the source of the gauge field (Theorem 4) is that the sources of PGTG 
are not only the energy-momentum and the spin momentum tensors as in the Einstein-Cartan theory [6,7], 
but also the orbital angular momentum tensor. The gauge t - and r -fields are generated together by the 
energy- momentum, angular momentum and spin momentum tensors [5]. 

Therefore in PGTG rotating masses (for instant, galaxies, stars and planets), and also polarized medium 
should generate the r -field. In [8] the influence of the rotating Sun on the planets moving via the torsion 
generating has been investigated. Also a gyroscope on the Earth should change its weight subject to 
changing the direction of rotation because of the interaction with the rotating Earth. There exist some 
experimental evidences of such effects. In [9-12] the change of the weight of rotating bodies or polarized 
medium have been observed that can be explained as the result of the interaction of these bodied and 
medium with rotating Earth. To this subject one also may refer the results of the N. Kozyrev's experiments 
with gyroscopes [13] and the mysterious J — M relation between angular moments and masses of all material 
bodies in our Metagalaxy [14,15]. 

In Russia in Scientific Institute of Cosmic System (NIIKS of M.V. Khrunichev GKNP Center) some 
hopeful results have been received in experiments, in which the possibility has been demonstrated of using 
the decrease of the weight of rotating mass for constructing an engine that could move a body without any 
contacts with other bodies and without ejection of any reactive masses [16]. 

In case of General Relativity (GR) torsion vanishes and one gets only one field equation with the metric 
energy-momentum tensor as the source. But nevertheless the effects of GR depend on both of the t - 
and r - fields. In particular, the Lense-Thirring effect and the Kerr solution are induced by the r -field. 
The well-known problem of the constructing of the external source for the Kerr metric [17,18] may has its 
solution in considering the angular momentum of the external medium as the source. 

In GR the coupling constants both of the t - and r - fields are equal to the Einstein gravitational 
constant. But in PGGT this choice is not determined by the theory and the coupling constants of the t 
-field and r -field have not to be equal to each other. In PGTG these constants can have different values, 
which should be estimated only on the basis of the experimental data [5]. 
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